The bacteriostatic effect of phenazine against Xanthomonas oryzae (Uyeda and Ishiyama) Dowson, the causal bacterium of the leaf blight of rice plant, has been reported. Phenazine had a relatively high in vivo activity against the rice disease in the pot test. Bacteriostasis was related to the suppression of respiration. It was observed by a potentiometric experiment with cell-free extracts that the additional redox system of low turnover rate was formed by the addition of phenazine in the respiratory chain of the bacterium (8) .
The in vitro and in vivo activities of 16 phenazine derivatives against some phytopathogens are described in this paper.
MATERIALS AND METHODS Phenazine derivatives. These derivatives were synthesized by S. Seki and F. Kai of these laboratories. We are grateful for generous gifts of the compounds. Compounds tested were: phenazine-5-oxide, phenazine-5, 10-dioxide, 2-methoxyphenazine, 4-methoxyphenazine-5-oxide, 3-methoxyphenazine-5-oxide, 1-chlorophenazine-5-oxide, 3-chlorophenazine-5-oxide, phenazine-5, 10-diiodide, phenazine-5,10-dibromide, phenazine-5-oxide-10-iodide, phenazine-5-oxide-10-bromide, 2-nitrophenazine-10-oxide, 2,3-dichlorophenazine, 2,7-dimethoxyphenazine, 1-nitro-2-methoxyphenazine-10-oxide, and iodinin (1,6-phenazinediol-5, 10-dioxide For the bacterial cultures, i.e., Xanthomonas oryzae N-5824, X. citri, X. pruni, X. phaseoli, and Erwinia aroideae, incubation was for 48 hr at 28 C on a rotary machine (300 rev/min; 2-cm amplitude).
For the plant pathogenic fungi, i.e., Piricularia oryzae, Pellicularia sasakii, Alternaria kikuchiana, Gloeosporium laeticolor, and Pellicularia filamentosa, Sabouraud's medium was used under stationary culture for 5 days at 28 C.
The minimal inhibitory concentrations ofphenazines against the bacteria and fungi were determined by the common twofold dilution technique.
Rice plant pot test. This was done in our phytotron at 28 C with X. oryzae H-5809 (serial code number of National Institute of Agricultural Science, Ministry of Agriculture and Forestry, Japan). The susceptible rice plant variety used was Oryza sativa L. Jukkoku in the fifth leaf stage. The single-needle inoculation method was employed. The bacterium was inoculated in the fourth and fifth leaves of each plant. The phenazine preparations were applied as 10% wettable powder consisting of 90% diatomaceous earth with wetting agent. A 35-mg amount of a given 10% wettable powder was suspended in 35 ml of water and sprayed uniformly on the 40 plants in two pots 1 day after the inoculation. After 14 days of culture at 28 C in the phytotron, length of the leaf blight in streak sympton was measured by millimeter scale. Efficacy against the bacterial leaf blight disease was expressed as per cent inhibition (10, 11) in Table 1 . Bacteriostatic activity of the phenazines seems to be extremely specific for X. oryzae. Of the 16 compounds, 11 exhibited this specific bacteriostatic activity. Effects ofphenazines against bacterial leafblight disease in the rice plant pot test. Phenazine-5-oxide was the most effective (Table 2) . Foliar burning was not observed. 2-Methoxyphenazine and 1-chlorophenazine-5-oxide were also effective, but they had a tendency to cause foliar damage. Phenazine-5 ,10-dioxide had approximately the inhibitory activity of phenazine itself (8) , and phenazine-5-oxide was twice as active.
Phenazine-5-oxide toxicity against Oryzias fishes was LD5o = 8 ppm (48 hr), suggesting that this compound may be applicable for use in paddy fields (tested by T. Kikuchi in these laboratories). Oral toxicity for mice was LD5o = 2,000 mg/kg tested by T. Koeda in these laboratories.
DIscussIoN
Pyocyanin has long been known as one of the natural phenazine derivatives with antibiotic activity (1, 2, 3, 7, 9, 12) . Among the organisms tested in this work, X. oryzae was specifically sensitive to the phenazine. Some of the derivatives, i.e., phenazine-5-oxide, phenazine-5 ,10-dioxide, 2-methoxyphenazine, 1-chlorophenazine-5-oxide, and 4-methoxyphenazine-5-oxide, phenazine derivatives, whereas the other species of Xanthomonas do not. The electron-transport system of X. phaseoli (4, 5) and X. oryzae (6) appear to be similar. In view of the previously described meichanism of action of phenazine, a histological difference may exist in the cell structure of X. phaseoli and X. oryzae.
